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Fig. la* 

Fig. 1b' 

FIGURE 1 
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FIGURE 7 
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55.0189 

A METHOD AND APPARATUS FOR COMPUUNG A WELL FOR 
PRODUCING HYDROCARBONS OR THE LIKE 

The mvcQtioa relates to the field of petrokum service tod supply industries^ and more 
pvticiilafly to completn^ wdb product^ 

^Vhite driDmg is taking place, the integrity of a wen uc^^ of density 

that needs to be actuated so that the hydraufic pressure of the mud cohimn opposes the leaks 
6om the fonnatkms while simultaneously avoiifiqg damaging the underground fi)nnations by 
fiacturii^ tfaeoL When the driBed depth exceeds a certain vahie, the pressure di 
the <fiflbrenoe in depth is such that it is no logger possiUe to fbmulate a mud capable of 
performing its fimction over the entire kr^ of the weD, so to prevent collapse of the wall, it 
is necessary toline the hde with metal casing. For this purpose, a certain nunte of casii« 
tubes are placed end to end and lowered down the weU, and are fixed to the wa^ 
cemenrin g, Thereafter, drilling can continue down to the next critical dqith. 

Eadinewly^lrined length must be fined with casing of outside diamete 

pass through the casing that is already in pUu:e at shallower depths. Asa resu^ 

staircase structure widi a hole that is large at the top of the wefl and much narrower at the 

bottom of the weO. Sudiaconfiguratioais&rfiromq^timal: alargeholeatthe surficemeans 

that drilling time must be wasted in a non-(mductive zone; whereas a narrow hole in the 

ttsefid aones does not finm production by good dnuning of the fennation. 

Worse stiD, it often happens that the hole passes through unexpected critical zone^ 
boring hu readied a critical itpOL Such critical zones mqr» for example, be veins of voy 
fiiaUerock or 'podoets* of gas wUch. even thoutgji th^ are usually very localized, constitute 
major sources of danger both for the wefl and fisr the work force on the surfiice. Under such 
circumstances, the only sohition is often to cement tiiese acmes by putting easily into place 
tmmediatdy. thereby finther reducing the size of the hole, which can lead to a wdl being 
abandoned if fiirther difficult zones are encountered as drilling continues. 
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tt win ibo be undmtood that h tt very difl^ 

casingp vMioiit further significantly reducing the size of the hde and thus running the risk of 
preventing penetration of oertain toob or items of equqnnent that may be needed in the 
production zones^ fin- example. 

Over the last few yeari, the industry has devdoped new techniques of conq^^ 
completing them tempocarily, so u to nuBmizB the ouoiber of 'steps* and to maease die 
downhole diameter of the wdL 



Proposals have thus been inade to use a compoate material coinprisiqg an cx^^ 

made of glass fibers impregnated with non-polymerized epoogr resin and having a nAber 

membrane coverii« its outside free whidi is direct 

appropriate laying tool, the mentane is applied against the waD of the hole or a damaged 
portion of casing, and the resin is caused to polymerize by being heated 
Aat technique is that it requires electrical power of the order o^ 

thus limiting itt appBcation to treiting zones that arc idit^ 

of synthetic material cannot constitute a final replacemeni fix ro^ 

be capable, in particular, of withstanding treatmenU based on strong adds or other materials 

that are particularly corrosive. 

US Patent 5 348 095 proposes making casing out of a continuous tube of ductfle material 
capable of withstanding large aroounu of plastic deformation. The tube is enlarged by a 
conical tool, and it can optionally be cemented. However, ocpanaon of the tube U 
accompanied by a reduction in the total length of the tube, and « 
priWeins at the ends. Furthermore, the pressure required for expanda^ 

OS Palei« $ 366 012 proposes a pcrfiwated finer provided wi^ 

A mandrel having a large diameter that is greater than the inside diameter of the perforated 
finer is used to expand the wall of the liner and the orifices become larger. Fiber-feinforced 
cement can then be cast on eiAer side ofthe liner, and once the cement has set, the inskle of 
the finer is bored again, thereby leaving a casing of fibro<emcm that U reinfcreed by metal 
reinforcement. The need for fimher boring after cementing oonstitoitea a m^ drawback of 
that technique. In addition, in the above-mentioned case, the pressures required for expanding 
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the tube are quite high and the final length of the liner is reduced. Finally, the ilou must be 
pierced in compliance with voy precise specifications, which leads to a manu&ctuiing cost 
that is Ugh. 

An object of tiie present invention is a novel type of expandable casiqg that does not present 
the abovMnentioned drawbades of the art 

Aooofdiog to the mvcntioi^ this otjcct is achieved by a finer tu co m p let ing ^ hole in an 
undeignMuid fi)nnatuM\ the finer beiog co m t it i it ed fay n spiral wound strip of spiral cross* 
tection, its longitudinal edges having conqtlementaiy tCTtftWng profiles such that after 
cxpanaon the finer is drcular in secdoa 

To complete a weQ» the ^ural tube is lowered to the bottom of the hole and its walls ue 
spread by means of a placement tool, e.g. a conical tool, so as to place the longitudinal edge in 
a touching position where they fimn a c^inder. A dosed conthmous finer is thus obtained 
which can be cemented in conventional manner without the cement invaiSng the inside of the 
liner, and thus whhout there bdng ai^ need to bore inside the casing. It should be observed 
that the s|Hnd-wound easily of the invention tt paiticuhffiy adap^ 
horizontal or nuU-latenl, given its smaU diameter in its ooutncted state which knds itadf 
wdl to bdng instaDed m narrow weBs or in wefls of tr^ectoiy that nnpedes the lo«^ 
traditiond casing segments. 

The finer of the invention is dso.weO adapted to providonaQy oonqrfedng problem zones. In 
any event the hole may optionally be enbrged in the difiScuh zone and a ipird finer vdiose 
diameter after expanaon is dose to the (fiameter of the hole before enlatgonent m^ then be 
put into place and cemented. Thereafter, drilGng can continue and the entire oohmm, indudhig 
the xone tfnt haa already been oompletedt is tubse<piently completed in oonventiofid manner. 

The S|M casing of the invention can also be used ftir repairing caang that has been daniaged, 
dnoe the outdde dianieter of the spird casmg after expanaon can be selected to be equd 
veiy sfighdy less the indde diameter of the casing that is already m place. 

The spiial-wound strip preferably has chamfisred longitu(find edges that define contact 
sufftces whose generd direction fies in a plane which forms a non-'Zero angle rdative to the 
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longtaidtnal tns of the liner. Also prcfertbiy. the longitudiiiii edges have a creneOated seoion 
to provide mechanical engagement at a predetennined diameter. 

In a more particulaiiy prefaitd variant of the invention, the liner is obtamed by rotEog up a 

strip aboirt an asda that is at a ceitain angle relative u> the axb of Qf^^ 

BK^i ftm?«T*«*«~^. ia mihc contracted atate: it has edges which fem a douMe 

h^ aroimd the cylinder. If die period of the hdix is appiopriateiy chosen, tf^ 

figure is obtanvd whose leqgthtt net akeied by . 

The bwr of the mveotion can be wouiid kiigtfawise on a 

coiled tuUng. In order to complete sections Oat are of great lei«th. it » possBrie to weld 
together a phnli^ of sheets, either diirii« manu&cture o^ 
using the coiled tubing technique^ or else directly on site. 

The liner of the invention can be made of metal, e.g. steel or any other material havmg the 
desired degrees of elasticity and pfaodcity. It diould be obser^ 

is selected, and providng it hu not been cemented, then die finer of die invention can 
optiooaBy be removed, dus makh« temponry placementt possible. 

Odier and advantageous charactcrisdcs of the invention appear fiom the fiiBowing 

description given widi reference to die figures, in which: 

• Figure I is a diagremmadc view of a firtt embodiment of a liner of die invention before and 
after expansion, shown in perspective (Figures la and lb) and in end view (Figures la' and 
lb-); 

• Figure 2 diows an expansion tod; 

•Figure3 shows an example of mechanical engagemem using toodied edges (F^^ 
3d) and shows various profiles for sudi toodied edges; 

• Figure 4 U a perqmtive view of a liner in die contracted state and h^ 
widitoodied sections; 
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- Figure 5 shows a liner of the nmntioo having foogiaidinil edgff constibiliqg a double hefix, 
seen in perspective in the contacted stste (Figure 5aX sfter caqwiaon figure SbX snd in 
longitudinal section (Figure 5c); 

- Figure 6 shows an exsmple of tenporaiy oonptedon usQg a liner of the ii^ 
* Figure 7 shows a typical secpience fi)r oonptetioo of a production zon^ 

« Figures diows a varistt of a finer the invention thitnpeilivil^ 



The concept of the invention is shown in Figure 1. A strip, e.g a metal strip* is s|^rd-wound 
(Figures la and la^ with ovcriap over an aqgle A. After caquuisioi^ the finer is ctroular in 
section and its biigitudbial edges come into coiitsct to oonslitute a dose^ 

If the winding follows an Archimedes' spiral, then writing £ for the thickness of the strip and 
Dc for the pseudo-diam^er of the spiral-wound strip in the contracted states the vahie De of 



where A. the overlap ai^ b expre ss ed in radians, and where the lengths De, Dc» and fi are 
expressed in the sameuiuts. 

Whh an overlap of 90^ u shown in Figure la, a liner haviqg an outride diameter De of 17.8 
cm (7*) and a thickness of 9.5 nmi (3/8 of an inch) is contracted to a <fiameter Dc of U.^ 
(5.86*). For an ovcriap of 1 80*", the expansion is dose to 50%. 

By way of example, the tool for cxpandqg the finer of the invendon can be coosthuted by a 
double cone assembly as shown £agrinunarically in Figure 2, having a first end 10 suitable for 
bdng fixed to the end of a coOed tube or of a string of rods, and a second end II of diameter 
similar to that of the spiral-wound finer in the contracted state, thereby cnabfing the S|Mral* 
wound liner to be pushed to the zone whidi is to be conqiletel The expansion tool also 
indudes an enlarged zone 12 of outride diameter dose to the inside diameter of the finer after 



the diameter after expanrion is given by the following equarion: 
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h hu been cxpnided The enloBed »ne 12 tt pRfinUy 

part by remote control meani tudi u hydraulic pressure, medanictl meant, or a eoinbinition 
of iuch meuis as U conviMioiial fbr plaoemem toob as used 



In the vaiiatt of the inveotkm shown in Figwe 3, ^ 
givca teeifa ao IS to form a mechamcd locL As can be seen inoie pai^^ 
3dL • toothed edg^ b thU case in e4ge hmiag tfaiee teeds cui pfw^ efficthw « 



It miv also be observed that the longiliufiiial edges hawe a ooatMt area bdag in a geooal 
direction iT ataooB-xeroan^teidalivetothenornudtodielongiiudinalaxUofAeKner.^ 
angle of about 45^ and nwe gsneitlfy lying in the range 30» to 60» is geoertBy 

Oflier variant toothed pntfies are Aown in Hgoe 3e. The number of teeth can be increased, 

or on the contmy, decreased^ and It u possible to select profiles that are nearer to being 
square to as to achiew engageoMrt that is doser to bong of the tenon and mortise type. In aU 

of the cxan^les shown in FignreS, the tooAed edges fblkiw a general Erection D at a 
certain ai^ fdath* to the normal to the lonptudinai axis of the Hner. The profile sdected « 
prcCMbiy such u to nunimizB radial finciioo forces that tend to oppose 
eomplemertaiy portions. As shown in Figure 3e, the elastic forces Fa and 1% 

expanding the spiral-wound finer create rwfial fiktion forces Fc and Fd which tend to mow 
the edges apart. This separation fbrce can be mmimizBd or even tfnunatod by opting 

thqie of the teeth. 

The forces Fa and Fb wWch assist to loddng Ae finer are directly proportional to the overlap 
ai«|e A of the liner m the coottwaed positioo. Nevertheless, too nuKfc ovedap al^ 
inemse the radial fbrees so that a balance nwst be found between the desired coeiBdert ^ 

expansion and mechaiucal toddng. 

The finer is expanded mto the shape of a cone of (fimensions that depend essentially on the 

geometry of the spiral-wound liner and on its elastidty. and to a smaller extent on the apex 
angle of tiie conicd expansion tool. To Bmh fikaion fon*8. it m^ be advantageous to a^ 
an expansion tool constituted by a cone whose apex angle is dose to that of the -nannal* 
expanaon cone of the spiral-wound finer. 
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As ihown more particularly in Figure 4, the axis of the engagement teeth forms an angle B 
vMi the aidi of tlie aptrii-woumi lube. TUs angle B hu an 01^^ 
"natural* cxpaiisira omie aogle of the finer and 

Figure 5 shows the most particulaily preferred variant of the Irtveotion in which the liner is 
obtained by rolfiog up a strip about an axis that is at a certain angle relative to the axis of 
aymmctiy of the strip. In the contruted position (Figure SaX the edges form a douUe hefix 
around Hm Sou. After expansion (Hgure 5bX the two hdxes ooindde and the junction line 
winds heficaDy around the finer. 

A particulariy advantageous aspect of this gmmietry fies in it beti« possibie for expansion to 
be performed without changing the X length of the tiner. IC as shown in Figure 5^ tbt 
*diameten" of the liner are written Dc and De (^Kiiere iade^ 

the contracted state and index to the finer in the expanded stateX and if die periods of the 

bdcal curm followed by the loi«iludinal edges are written 

hefix is defined as bciqg the dstanoe measured along the bqgi^ 

two corre^K wdin gpoinU that are one complete turn apart around t^ 

(or De if the case nuy be)X aod if the length of a loi«iti^ 

a Boer wliiise total length is X it can be shown that the lei^ 



X does not vary. 

Widi tUs douUe hefix conOgurttion, it diouM also be obsc^ 

finer is of tiuGlaiess W, then the diameter after expansion is 9ven by t^ ecpiation: 




and that consequently, iftfae tape is rofled up in such a 



that ^ = then the knglh 
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Finally, another consequence of tl^ 

in a plane perpendicular to the axis of the liner during the expansioo stage. If the ends of the 
double hefix finer are cut perpenfculaily to the longhudinal axis, then after expansion these 
ends vna define perfect drdes in plane that are themseh/es petpeodicular to the longitudinal 
axis of die liner. TKs disposition is particulacfy &vorable fijr cosuring sealing of the 
completion at the ends of the liner. 

Figures 6 and 7 are Hghly diagrunmatk and show two exan^ 
wound iber of the invcfltion, h bdi« understood that t^ 

way. 

In the examine shown in r«ure6. the spiral-wound tube b used fi>r completing a zone in 
teinpoiBry manner. In a wtD in deep water, the probfcm nuqr be due to too smri^ 
between the fracturing gradiem and the pressure of the fonnatioaT^ 
problems associated, for example, with the presence of formations that are highly unstable 
(daycy rode, sands, salts, etc.) in depletion zones, or other proUems that are wdl known to 
the person skilled in the art The financial consequences of such zones is gencrrily out of all 
propoctioQ to thdr length since anticipated completion thereof req^ casing to be installed 
on aa extra occasion, thereby reducing the diameter of the hole. 

The weO has been drilled and casing hu been installed in iu upper portion 1. Drilling has then 

contirwed beneath the caring shoe 2 to inerce a hde 3 that is substantia^ 

Is not cased, prior to reaching a zone 4 of length Lz which needs to be treated immediately 

(Figure 6a). The dedsioQ is taken to proceed with tempos 

iiwention. A spiral-wound liner 5 is pushed towards the bo^ 

double conical expanrion tool 6 fixed at the end of a tube 7. The expansion tube 

move on (Figure 6b) so M to spread apart the wafls of the finer until tf^ 

diameter (Figure 6c). Once the finer is in place (Figure fid) the 

the aurflw and the finer is ceinemed using finer cementii^ technlqyes 

shown here^ the finer is provided wHh openii«» 8 to dkw cemem to ^ 

the finer towards the annulus 9 wttch is to be cemented, however it is dear ^ 

shoe could be used. 
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After expaosioiv the iosde diameter of the liner is pncdcdly identical to the diameter of the 
hole in zones where there are no drilling problems (where necessary, the hole can be eolaiged 
m the zone that requires treatment by means of a reamer). DriUiag can then be started again 
without any need to drill through a cemented zone, and the entire wdl can be completed in 
accordance with the original drilling plan» and without any reduction in the ifiameter of the 
well 

ft is dear that additional tooU such as a centnJtaercouM be uaed in com b^^ 
of the invention. Also, the finer is preferably fitted with ett^eoes made of a material that is 
easily deformed and that b easy to drill (e.g. ahmunumX therdiy guanoteeiqg that the spiral- 
wound liner is properly expanded over its entire ki^gth. 

A typicd sequence of usiag a spirsl-wound finer of the invention for GOinplet^ 

reservoir is shown in Figure 7. Such an op er ati o n may be cuvisagffi, tar example; with 

formations that are unstable or sandy. 

The spiral-wound finer of the invention is broiQlit in the contracted state to a non-cased 
section of the reservoir (Figure 7a) and it is then expanded by means of an expansion tool 
(Figures 7b and 7c). Like any other productioa finer, die finer of the invcmion is^ in das case; 
peroed to aOow producdoo ftuds to pan dieiedirough> and as shown in Figure S, it is 
preferably covered in a grid which may be fixed thereto, e.g. by being welded to the strip prior 
to spird winding. The grid is preferably on the outside hot of the finer, feeing towards the 
waD. 

It should be observed that the sutfeoe area of the roUedmp stiy remains unahered during 
expansion so wells are not weakened by the spiral-wound finer of die invention being put into 
place and expanded. For the same reason, the we and distribution of the openings provided 
for aBowtng the production fluids to pass can be selected in a manner that is entirdy 
independent of the diameteis in the contracted state and in the expanded state. TUs makes it 
possible, in particular, to obtain a finer that is vety strong in association widi greater stabifity 
and longer fife of the well. 
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For t horizoatd ^ a spiral-wound li^ 

can be placed veiy dose to the fonnation, even in the upper portion of the liner, and that is 
often not the case with a convention^ liner that is incapable rfbd^ 



So loi« as it bM not been cemented, a spiral-wound liner can be wh^^ 
spedaJ tool wWch separates the km^tudinal edges so M to alk^ 
return to a state sinular to that of its hvtial contracted states If 
only after sevenl months or yeaiB. caie should be tak^ 
letamfaig itt elastic piopcrtks over such a bi« period of time. 



The geometiy of the spiral-wound Bner of the invention is enti^ 
production at low cost Fbr example, it is possibte to use metal st^ 
that ate wdded together) that aft pierced in a predefined pattern, e.g. ^ 
foDers or by a hydrauBc press having a pundt Tlic loRptudind 
continuously so as to pve them a toothed profile, and grids may s^^ 
along one of the lon^twfinal edges befixe winding into a spiral Fmally. the strip m^ be 
spiral-wound cfiroctly and then coiled, either continuously or dse after beiqg cut up into ecpial 
lengths. 

In Beiieral it is preftrabb to pay out a liner of 4e hweniion 

once the section to be completed is long, and more rdisble since connections are omitted. 
Neveitheiesa. h U equally possible to use finen of fixed leogdi and to 
zone by repeatedly placing and expanding lengths of liner. 
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•11* 
CLAIMS 

1/ A finer for coaqiteciqg t hole in in undeiground fomiation, the finer being coostitiited by t 
tptnl-wouiid strip, its kmgitudintl edges htviog complementary touduog profiles such that 
liter expansion the finer is cirailar in section. 

2/ A finer aooonfing to daim U cfaancteriad in that the longitiidinsl edges define a cooisct 

suffice of feaerd directiao iTlyii^ in a plane that fims a noo-am aqgk relative to the 
iongitndhiafamofthefiner. 

1/ A finer acoordiiv to daim 2, characterizod in that said aiQle fiNmed ^ 
of the oontaa suffice fies in the ruige 30* to 60*. 

4/ A finer accofdit^ to ai9 preceding dainu dwnctmyfri in that the touching bi^gitudinil 
edges have a sawtooth profile. 

5/ A finer acoonfii^ to any |»«oeding daim* characterized in that the finer is obtained by 
rolEfV up a strip about an axis that is at a certain angle relative to the an of synunetty of the 
strip. 

6^ A filler nocotdifv to ariy preoediiv daim» diaracterixed m that it k p^ 

7/ A finer according to diim 6, chanctefized in that it b covered in a grid. 

8/ A finer according to datm 7, characterized in that the grid is wdded on. 

9/ A incthod of oompktov a hole in an underground fimnation in wfaic^ 

is hiwewd down the hole; and the strip is opened untfl a circular section is obtmed by means 

ofa corned piaoemcnt tool for puttii^g the fnr^gitiidinal edges irtto a t^ 

10/ A mediod aocorfiiig to daim 4, characterized in that it also hidudes a cementing 
operation. 

11/ The use of the method according to daims 9 or 10, for temporsry completion of zones 
that are depleted or unconsolidated. 
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12/ The use of the method accofduQ to 

13/ Ilie use of the method of daim 9 for complethv 

14/ A system for completing a hole in an underground foraiation, characterized in that it 
indudes a liner according to any one of datms 1 to 8 and an expansion tool suitable for 
ipliTing aptft thff bngift^ff"' *^gg* mtfil thqr tike up e position where they touch each other 
edgo4o-edge. 

IS/ A tool for withdrmng a Ener according to any one of daims 1 to 8, the tool comprising 
means for moving the longitudinal edges apart by a (Eametcr greata than the diameter 
comprising to a circular section and enabling the finer to shrink so as to return to a spiral- 
wouiid configuration of a diameter that is smaO enough to enable the liner to 

thewdL 
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